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I. 

The purpose of this contract is to hves t iga t e  the riynamics of the upper 
c 

atmosphere through analysis of the motion of sodium vapor trails ejected from 

sounding rockets. Data are tskea photographically from several widely separated 

sites, Triangulation is used to  detetPdrra w i d e  from the rate of motion 

of the trail, and densitometry measurements determine the growth rate a d  

small-scale structure of the  trail. Complete descriptions of the eqeriraental 

and analytical  methods are given in reports coverirrg NASA contracts W5-2lS 

and Ww-396. Theoretical studies of the dynamics of the upper atmosphere 
_r 

are directed toward formulation of nmdels based on the observationsq The 

first series of rocket firhgs occurred during November 1964 from Wallops Island 
- -- 

and simultaneously from a ship at selected distances f rom Wallops Island, 

The objective of the seriee was t o  investigate the variation of the ver t i ca l  

wind structure a t  two places separated by different distances, 

\ 

The resu l t s  of the f i r s t  series were seriously l imited vaporizer 

rmlfunction, but one set of trails separated by 180 km showed the wiwls t o  

d i f f e r  significantly above 120 km. Previous analysia of several up and 

down t r a i l o  separated by a distance of about 50 Ian have shown no wind variations 

over that distance, Coatintmtion of tbe study of horizontal variation of the 

vertical wtod p r o f i b  wns an objective of a series of f l igh ts  fromwallops Island 

during June 1965. !Cwo vapor t r a i l a  w e r e  ejected from rockets fired nearly 

simultaneowriy differeat  azimuths during the evenhg twilight of 22 June 

and the morning of 23 June. A fifth racket ejected a t r a i l  of MI1 a t  2300 EST 

on 22 Jtme t o  allow observatione of the time variations of the winds. 
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The spatial separation of the  simultaneous trails i n  Juae was not 

large and the differences i n  the wind profiles were anrall. 

were separated by only 25 km, and the wind speed around 100 Itm was only about 

30 dsec, The trail separation and w i n d  speed of the morning trails  w e r e  

greater than those of the  evening trails. The T W  trail, because of poor 

rocket performance, did not reach the predicted a l t i t ude  and faded very 

quickly, causing same loss of data in the 100 t o  125 km region and reduced 

the accuracy of the  data below that height, 

variations is  limited, Much more information was obtained from the t i m e -  

spaced trails. The low wind speeds during evening twilight had increased by 

a factor of 2 to 3 2300 EST (about 3 hours later) and the familiar s p i r a l  

pat tern had begun to  f o m  The clockwise s p i r a l  was even m o r e  apparent 

over much of the  height region by morning twilight and the whole pattern 

had been continually rotated through the  night, as has been previously 

obaerved i n  other tima sequences in January and July 1964. The observations 

should be more closely spaced i n  order t h a t  the exact nature of the changes 

map be determined, 

Series of firings a t  Wallops Island in January 1966. 

The evening t r a i l s  

Thus, the information on s p a t i a l  

Such closely spaced observations w e r e  the purpose of the 

During the nignt of 17-18 January 1966, five vapor t ra i l  payloads were 

successfully launched frornlJallops Island. 

spaced an bur or two apart provide much information concerning the manner in 

which the winds vary. Sosue of the i n i t i a l  observations w e r e  discussed i n  the 

last Quarterly R e p o r t  covering the period 1 January 1966 - 31 March 1966, It 

This series showed t h a t  observations 

was shown that the large 

speed pattern in about 6 

scale sp i r a l  pattern collapsed in to  an irregular low 

hours and that the en t i re  pattern moved slowly downward. 
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This report contains some further discussion of these observations and also 

some remarks concerning the apparent "turbulent" structure around 100 km. 

I During this period the payloads for a series of firings in July w6re 

constructed. Some of the plans for this  series are also discussed in this  report. 
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A t  the preseat t i m e  the dynamics of the atmosphere above 80 km is usually 

described in terms of either of twr, theories both of which w e r e  i n i t i a l l y  proposed 

as explanations of the observations of apparent motion of ionized trails created 

by meteors and detected w i t h  a re lat ively low frequency radar. Winds i n  the 

region 80 to 105 km were obtained from meteor trails by Greenhow and Newfeld (1) 

a t  Jodrel l  Bank In hglaud and by Elford and I?oper(*) in Australia. Both of 

these groups of observars separated the observed winds i n to  a prevailing conpnent 

cyclic components w i t h  periods of 24, 12, and 8 km and a large irregular component 

The irregular component was explained as turbulence derived from a mean tidal 

flow. Roper and E l f ~ r d ' ~ )  have recently reaffirmed their position that the 

observed irregular structure i n  upper winds is due t o  turbulence. 

The other current theory is that proposed by H i ~ s ' ~ )  which a t t r ibu tes  

the i r regular  winds reported in the meteor data t o  the  w e l l  publicized %ravity- 

Waves". 

The original meteor data was averaged over both height and time intervals 

a d  uncertainties in space and short time variations prevented the verification 

of e i the r  of the proposed theories w i t h  the meteor data alone. A major objective 

of the sequential vapor t ra i l  measurements is comparison of observed time 

variations with those predicted by the current theories. The sequential f i r ings 

during January 1966 demonstrated tha t  obsarvatioas separated by one t o  two hours 

provide a good sampling of the large scale wind variations and also allowed the 

determination of an apparent downward motion of the en t i r e  pat tern.  



The variations i n  the  large scale w i d  pat te rn  is shown clear ly  i n  

Figure 1. Bodographs of the winds from the  f i r s t  four f i r ings  show t ha t  a large 

sp i r a l  pa t t e rn  collapsed to  a small irregular pattern during the six hour 

interval. It appears that the sp i r a l  shape of the  bodograph first became 

e l l i p t i c a l  and then reduced t o  the small irregular pattern. 

process was reported by Rosenberg‘’) from E g l h ,  Florida, in December 1962 

and is shown in Figure 2, 

observed a t  Wallops Island. 

The reverse of 

Both the s p i r a l  and e l l i p t i c a l  patterns are often 

The apparent downward motion of the  pattern is  shown i n  Figure 3. 

The open circle points were determined from persistent small scale structrae 

which appeared on the  direction of transport plots: 

and the sol id  circles were obtained from the heights of the maximum wind speed 

of E41 and N-S components during the observing period. It can be seen f r o m  

Figure 3 t h a t  the rate of downward motion of the large scale pattern is the 

same as that for the smaller structure and tha t  this velocity decreases w i t h  

decreasing alt i tude.  

downward motion is a true mass motion or the phase velocity of a slowly 

propagating wave. 

t o  determine if t h i s  downward rate continues throughout the night as would be 

expected of a travel:- wave or  i f  the r a t e  decreases toward dawn as would be 

expected of a mass motion due t o  cooling during the night. 

The open circles with dots 

It is  not obvious from these measurements whether the 

One of the  objectives of the July series of vapor t r a i l s  is  

Recently, a team of French investigators under the direction of 

A. Spizzichino presented preliminary resultsc6) on t he i r  observations of 

ionized meteor trails v i t h  8 newly developed phase measuring radar technique, 
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I n i t i a l  reports on the new method indicate that it has much greater sensi t ivi ty  

and height discrimination than the original radar method. The present data are 

from very few observations but a similar d o m a r d  motion of the en t i r e  wind 

prof i le  is  indicated over a 24-hour period. 

phase velocity of a slowly moving wave system. 

indicate t h a t  there is a sudden increase in  the East-West component of the 

wind around 100 km j u s t  a f t e r  sunrise a t  that alt i tude.  

is  expected t o  allow observations of these effects,  

schedule is as follows: 

This suggests that the motion is the 

The new meteor data a lso  

The July series 

The proposed f i r ing  

F i r i n g  Time 

2000 EST 

0300 EST 

0200 EST 

0330 EST 

0400 EST 

Vapor Trail 

Na-Li (Twilight) 

TMA 

m 

m.&l 

Na-Li (Twilight) 
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Observations and conclusions concerning the existence of turbulence i n  

the atmosphere, based on the  visual  appearance of vapor trails i n  the region 

around 100 km, have been discussed i n  previous reports on t h i s  contract. Briefly, 

it has been reported tha t  the irregular structure on the vapor trails does not 

have the detailed characterist ics expected of hydrodynamic turbulence. 

observed rapid growth rate without change of shape of the t ra i l  and small 

structure, the linear time dependence of the growth, and the independence of 

wind shear arc character is t ics  of the t r a i l  structure. These c'aaracteristics 

are not described by current turbulence theory. 

the observed rate of growth of vapor trails, 3 t o  5 dsec, a r o u d  100 Xcm is too 

rapid t o  be cansistcnt wizh other observed phenomncn such as sporadic E, i f  

such growth were due t o  turbulence of the ambient atmosphere. 

concluded t h a t  the i r regular  structure observed on 72por trails around 100 km 

may be due primarily t o  effects  of t h e  vapor ejection method and rocket passage 

and tha t  these effects are so great t h a t  they mask the  smaller effects of pre- 

existing turbulence, i f  such rea l ly  exists. 

The 

Also it has been suggested that 

Thus, it was 

Recently, Professor J. Blam~nt '~),  presented a revised discussion of 

his posit ion that the vapor trails i r regular i t ies  are due t o  atmospheric 

turbulence, 

photographs of one vapor trail, 

with height were clear ly  resolved on the photograph. 

reportedly caused by the combination of ejection method and character of the 

rocket f l igh t .  

The revised hypothesis is based primarily on early, detailed 

Regular variations in brightness of the trail  

These variations w e r e  

A t  certain a l t i tudes  these small i r regular i t ies  disappeared 

-10- 



sooner than a t  other a l t i tudes and t h i s  effect  was interpreted as indicating 

the presence of pre-existing turbulence in tha t  region, The conclusions w e r e  

based on observations made within 10 seconds of release time. Since the 

e f fec t  of the passage of a supersonic rocket and of the ejection of the vapor 

bas not been completely evaluated, it seems pertinent t o  inquire i f  such 

early time observations could be free of these effects  and could be expected 

t o  contain mucb information concerning the ambient atmosphere. 

Early t i m e  photographs of trails have often been o5:ainec-l from 

Wallops Island t r a i l s ,  

de ta i l s  of structure and growth are uncertain, 

growth of the  t ra i l  is clearly recorded. 

Figure 4. 

repeated variations in brightness above and below t h i s  height are due to 

the action of the rocket and vapor ejection systems 

small s t ructure  generally varies greatly with a l t i tude  due t o  the rapidly 

decreasing diffusivi ty  and also by the wind pattern and angle of view, 

The i r regular i t ies  on the  t ra i l  i n  Figure 4 continued to  be smoothed by 

diffusion u n t i l  a later time when the development of the usual "globular" 

structure obscurred a l l  other e f fec ts  from 100 t o  110 km and the "stringy" 

st ructure  developed below this height. 

are observable 2n t h i s  region and the delayed appearance of the globular 

s t ructure  is not characterist ic of turbulence, However, this property is 

observed i n  Tollmien-Schlichting waves which appear i n  boundary layers and 

The photography is d i f f i cu l t  so tha t  often early 

However, sometimes the 

Such a sequence is shown in  

The small Frregclarit ies i n  the t r a i l  around 100 km and the 

The appearance of such 

None of the effects  reported by B l m m n t  

t rans i t ion  regions of the flow around an ogive i n  a wind tunnel (8) , 
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A study of the effects  of the  shock wave of the rocket and the method 

of release of the vapor i s  planned. Some s l igh t  modifications of the vapor 

ejection method are planned for the next aer ies  of f i r ings at  Wallops Island 

i n  July. These changes are shown in PSgure 5. The srandard canister with 

three ports, 120' apart, is shown in  the center. These ports with deflectors 

t o  direct  the vapor backward along the rocket body and reduce the e f fac ts  of 

forward rocket motion are shown on the left .  A cauistar with 8 ports, 45' 

apart  t o  reduce the apparent e f fec ts  of rocket spin, is shown on the  right. 

These canisters rill be f i red  during the  morning and evening twilights during 

the  July series of vapor trails. IC-24 camSras w i t h  20-inch focal lenses w i l l  

be observing the early t r a i l  growth from Dover AFB, Andrew8 AFB, Dam Neck 

N a v a l  Tra- Station. A 36-inch lens w i l l  be used at Camp A, P. H i l l .  

It ie expected that tbe resu l t s  of these simple modifications may suggest 

which of several amre complicated changes would be useful, 

-13- 
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STANDARD CANISTER 
3 PURT5 t20"APARt 
NITH D E F L E C T O R S  

STArUDARD CAN tSTER 
3 FJETS 120"APART 



A series of five vapor tra i l s  are scheduled for the night of 

12-13 July 1966. 

for flight. 

Camp A. P. H i l l ,  and barn N e c k  Naval Station. 

Payloads w i l l  be taken to Wallops Island and prepared 

-a s%tes w t l l  be establfshsd at  Dovar AFB, Andrews AFB, 

After the rocket firings, data w i l l  be processed and analyzed i n  

terms of the stated scfentific objectivee. It is  expected that the analysis 

w i l l  continue throughout the next reporting period a t  which time conclusions 

and recoxmendatfona w i l l  be presented. 
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